Introduction
Flood routing is the calculation method to study evolution of flood wave propagation, and it can get the process of flood of representative section in river channel [1] . Currently, the methods of calculation of flood process are hydrology method and hydraulic method, among which hydraulic method has been widely concerned and studied because of its obvious advantages [2] [3] . The study choose one dimensional hydraulic model software MIKE11 to simulate the process of flood routing in the Tuhai River Basin through collecting and analyzing hydraulics models which have published in civil and abroad. [4] [5] [6] . The hydrodynamic model (HD) and rainfall runoff model (NAM) were mainly used and coupled to study rain-flood evolution simulation which under different designed control models of multistage sluices in this basin.
Watershed Survey
The Tuhai river basin belongs to North China Plain, located in the most southern part of the Haihe River basin and near the lower reaches of the Yellow River Basin in the south. The Tuhai River originates in Nanle County of Henan Province, from the East of Wenming zhai village of Liaocheng into the territory of Shandong, flowing from the southwest to the northeast, almost parallel to the Yellow River. The length of the Tuhai River in Shandong is 406 km, and its catchment area is 13296 km2. It belongs to the semi-arid and sub-humid region in warm temperate. According to counting the precipitation data (from 1986 to 2015) of the Tuhai River, we can get the precipitation is 790.75mm when the rainfall frequency is 10%.Therefor we chose the year of 2013 as the typical year because its total precipitation is 780.6mm, and in this year, the precipitation of 6~10 is 674.1 mm, which accounts for 86.36% of the total precipitation. Now, the number of controlling gates used in the Tuhai River is 11. To make the study more convenient, this study choosing South Liu bridge gate, Ying Zi gate as the boundary of upper, middle and lower reaches of the river basin in the Tuhai River basin.
Model Construction

Hydrodynamic Model
When we take advantage of MIKE11HD to carry out the simulation, we need to establish the river network files, the cross sections files, boundary files and HD parameter files. The select reach range is from the source of Tuhai River to the downstream 5km behind the Bashang dam gate. From this part of stream segment to the estuary is wetland, and is not considered in this research. In order to meet the requirements of the accuracy of calculation, we set 98 cross sections totally in this study. And we take the flow data at the beginning of the flood season as the upstream inflow boundary condition, the water level data of the bottom as the downstream outflow boundary conditions.
Control Structures Module
In MIKE11, Control structures module (SO) can be easily and effectively used to simulate the operation of sluices in irrigation channels, rivers, reservoirs and so on. According to the difference among the location of the gate, the height of gate bottom, gate size, the highest water level and other factors, the following three different scheduling rules are formulated:
(1) Gates fully open control. In flood season, all the control gates are open, and the flow of river channel is simulated without gate control.
(2) Water level control. In flood season, the water level before the gate is higher than the highest water level, the gate open, or close.
(3) Water level difference control. When the water level difference before and after the gate reach to a fixed value, the gate opens, or closes.
Because the precipitation during the flood season (6~9 months) accounted for 78% of the annual rainfall in the basin, considering the delay effect of the process of rainfall runoff, so the simulation period is from June to October. In addition, the Tuhai River is natural, there is water in it all the year round, According to the statistics of water depth for many years, we know about that the average depth is 1meterat the beginning of June ,so the choice of the initial sluice water level is 1 m.
Rainfall runoff model (NAM)
The NAM model simulate the process of precipitation runoff in the basin, the model can be used alone, and can also be used to calculate one or more runoff producing districts. The runoff which is produced by the model can go into the MIKE11 hydrodynamic (HD) model of river network as lateral inflow. Considering the integrity of data which collected before, we chose upper, middle and lower three sub basin. The basic situation of the sub basin is shown in table 1.
Model Parameter Calibration and Model Validation Model Parameter Calibration
Model calibration includes the determination of parameters of NAM and HD. In the HD model, we need to adjust the channel resistance in the parameter file. In the NAM model, the parameters related to the features of surface, water storage layer in root zone and groundwater reservoir. We selected the method of subsection calibration. Meanwhile we compared the simulation results with the measured data and draw the results chart. According to the differences presented, we conducted the fine-tuning of the parameters, making the fitting results is in good agreement with the measured data. 
Model Parameter Calibration and Model Validation
Model Parameter Calibration
Model calibration includes the determination of parameters of NAM and HD. In the HD model, we need to adjust the channel resistance which in the parameter file. In the NAM model, we need to adjust the parameters which are related to the features of surface, water storage layer in root zone and groundwater reservoir. At last, we selected the method of subsection calibration. Meanwhile we compared the simulation results with the measured data and draw the results chart. According to the differences presented, we conducted the finetuning of the parameters, making the fitting results is in good agreement with the measured data. After repeated parameter adjustment, the values of each parameter in the NAM and HD models can be determined as shown in table 2, and the model results are shown in fig.1 . From the overall results, the simulation of the flow and the cumulative water process agreed with the actual measurement process. 
Model Validation
The year 2013 is selected as level year to calibrate model parameters. To validate the accuracy of model parameter calibration, the above parameters are used in 2014. The result of model validation showed in table 3, relative errors are controlled within the allowable range, so the model variables determined by the parameters calibration satisfies the accuracy requirements. 
Results and Analysis of Simulation
Using the model to simulate the evolution process of rain-flood in 2013, the flow and water level changes of each gate can be obtained in three dispatching modes. The results of simulation are shown in table 4. From the simulation results, it can be seen that the gate control has a significant effect on the flow state. The main changes appeared in the volume and date of flood peak and the maximum water level before the gate. The volume of peak flow decreases in varying degrees in the water level control and water level difference control scheduling mode; The date of flood peak appeared obvious difference in the midstream, flood peak appeared three days in advance in water level control mode, while in the water level difference control mode, the peak was postponed one day; The maximum water level before the gates have different degrees of increase under the two scheduling mode.
Conclusion
This paper coupled hydrodynamic model and rainfall runoff model based on MIKE11 software, realized the simulation and analysis of rain-flood routing on conditions of multistage sluices regulation in Tuhai River Basin.
(1) The parameters of the two models above are adjusted using automatic calibration function of MIKE11, combined with the artificial parameter adjustment method, so that the simulated results and the measured results are in good agreement. Finally it is determined that roughness value of upstream is 0.029, roughness value of midstream is 0.033 and roughness value of downstream is 0.035.
(2) The operation of gate control are realized by setting three different dispatching modes including gates fully open control, water level control and water level difference control. It is can be known that the water flow properties such as volume of flood peak, occurrence time of flood peak and highest water level in peak time are obviously affected by the operation of sluice gates. Therefore this model can provide hydrodynamic details for the research of flood routing and gates scheduling. This work also is helpful in flood protection and the rational utilization of water resources in basin.
